Top view (b) and cross-sectional view (c) at a resonance energy of 2.32 eV. The bowtie structure is outlined in white. Simulations reveal strongly enhanced fields are formed between the tips of both triangles of the bowties, which penetrate ~80 nm into the underlying Si substrate. However, bigger mode volumes and imperfect matching to the high-density phonon modes of silicon results in lower emission intensity. 
Discussion on Spontaneous Emission Enhancement
The spontaneous emission rate would be enhanced by the Purcell factor in an ideal resonance condition between the emitter and the cavity mode. However, in most cases, the spontaneous emission enhancement would be lower than the Purcell factor due to the finite linewidth of the emitter and the cavity mode, and spectral, spatial, and polarization mismatch.
The actual spontaneous emission enhancement is given by S6b ) sizes. Our Ω-shaped plasmonic cavities typically have a quality factor of ~30, corresponding to a spectral linewidth (FWHM) of ~84 meV for the cavity modes (e.g., peak A in Fig. 2a ). In contrast, the homogeneous broadening for single (high-density of states) phononassisted hot luminescence channel is typically quite small (~15 meV) (e.g., peak 2 in Fig. 3a ).
Since the polarization of plasmon cavity mode is perpendicular to the nanowire's long axis, η was chosen to be 2/3. For the resonant sized plasmonic Si nanowire, the calculation was carried out for the 2 cavity modes at 2.505 eV (Purcell factor: 3688) and 2.342 eV (Purcell factor: 3457), which correspond to the 2 solid lines (blue and orange) where the peaks 1 and 2 belong to the cavity mode at 2.505 eV while the peaks 3, 4, and 5 belong to the mode at 2.342 8 eV (Fig. S6 ). The Purcell factor was calculated near the surface of Si. For the non-resonant size, the spontaneous emission enhancement was calculated for the cavity mode at 2.422 eV, which has the highest Purcell factor of 2138 among all the cavity modes, resulting in the single solid curve.
The calculated spontaneous enhancements are 1470 and 350 for the resonant and the nonresonant cases (average values for the observed 5 peaks), resulting in ~4 times higher spontaneous emission rates for the resonant size. However, the measured photon counts for the resonant sized plasmonic Si cavities is about 1 order of magnitude higher in comparison to the non-resonant size. This discrepancy between the measured intensity enhancement and the calculated enhancement can be explained by the remaining factor resulting from the outcoupling efficiency, as shown in Supplementary Fig. S7 . For the non-resonant size, the calculated out-coupling for the highly emissive states (averaged over the observed 5 peaks) is decreased by a factor of ~3 in comparison to the resonant size. This is because the highly emissive states (peaks 1 and 2, and the peaks 3, 4, and 5) are mismatched with the cavity modes and lay at the valley of the out-coupling spectrum. Thus, the combining contribution of the spontaneous emission enhancement (factor of 4 enhanced for resonant case) and the outcoupling (factor of 3 higher for resonant case) gives rise to about one order of magnitude difference in the measured photon counts between the resonant and the non-resonant sizes. showing a similar overall peak structure and almost the same energy difference between the peaks "P" and the laser excitation energy as observed with 2.708 eV excitation (e.g., Fig. 3a ).
The first two "P" peaks at 2.164 and 2.133 eV correspond to the peaks "1" and "2" in Fig. 3a (in terms of energy shifts), while the broad "P" peak at 1.983 eV corresponds to the peaks "3", "4", and "5" in Fig. 3a . The peaks denoted by "C/P" can be attributed to the cavity-enhanced hot luminescence assisted by lower density of states phonons. with Ω-cavities under laser excitation at a wavelength of 457.9 nm with a beam spot size of 2 µm, which is the same condition as the experiments. For the size range from 50 to 70 nm, the absorption was estimated to be ~1%. As the diameter decreases, a resonance, which originates from dielectric antenna effect, shifts to the laser wavelength, giving rise to enhanced absorption at 40 nm. Note that the calculated absorption for 70 nm diameter photonic silicon nanowire without the plasmonic Ω-cavity is estimated to be ~2%.
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Discussion about the Phonon-assisted Hot Luminescence Process (Figures 3 and S9)
The broad spectrum of hot luminescence originates from a large number of discrete phonon assisted events with many pathways interacting with various types of phonons on each crystallographic direction of the electronic dispersion of silicon. However, the existence of specific phonon modes with high density of states (zero slopes in dispersion) provides highly emissive pathways for the phonon assisted hot luminescence process, which due to the energy and momentum conservation, results in the observed three strong emission bands and additional fine peak structure.
Our data, which compares resonant (~ 70nm Si diameter; Figure 2a ) and non-resonant cavities (Figure 3 ), clearly indicates that the quantum yield of hot luminescence process is maximized when emissive hot carriers assisted by phonon modes with high density of states interact resonantly with plasmon cavity modes (see size-dependent data and calculations in Figure 3 ). The three strong hot luminescence bands observed at 2.51, 2.34, and 2.18 eV for the resonant plasmonic silicon (Fig. 2a) , can be explained by resonant enhancement by the plasmonic cavity modes, while the sharp peaks on top of these bands can be further explained by efficient emission channels due to specific phonons having very high density of states involved in the hot luminescence process.
It should be noted that light emission is only possible when a phonon scatters the hot carriers to the almost vertical light line (k ~ 0). This phonon assisted scattering process should follow energy and momentum conservation, k' = k e ± q ≈ 0, where k' and k e are the momentum values of hot carriers at the light line and at the initial electronic state respectively, and q is the phonon momentum. Thus, the emissive hot carrier population would depend on the modes with the highest phonon density of states where phonon dispersion has almost zero slope 23 , where those specific phonons can scatter the hot carrier efficiently to the light line. The phonon dispersion of silicon along the <110> direction shows that the density of states is relatively high
for momentum values of ~2π/a(0.6, 0.6, 0) for transverse optical (TO) and transverse acoustic (TA) and ~2π/a(0.7, 0.7, 0) for longitudinal optical (LO) and TA phonons, situated between Γ and K points ( Supplementary Fig. S9a ). Taking into account the electronic dispersion of silicon ( Supplementary Fig. S9b ), the same momentum values of ~2π/a(0.6, 0.6, 0) and ~2π/a(0.7, 0.7, 0) correspond to the strong hot luminescence bands at 2.51 and 2.18 eV where the phonons with those momentum values satisfy the momentum conservation for the hot luminescence processes. Furthermore, the hot luminescence band at 2.34 eV corresponds to the zone edge phonon at k ~ π/a(0.9, 0.9, 0.9) with high density of states near the L-point along <111>
direction.
As revealed in the polarization-dependent measurements along with the simulations, the hot luminescence can be strongly enhanced when the specific emission channels with high density of states are resonant with the cavity plasmons. It is reasonable to believe that the sharp peaks originate from phonons with the highest density of states. From these spectral peak positions (labeled 1-5), the relaxation and emission processes involving carrier-phonon interactions can be inferred. The absorption process upon laser excitation involves interaction with a phonon, followed by the intra-band relaxation of hot carriers by emitting phonons. The intra-band energy relaxation process involves carrier scattering with phonons with small k; this can occur by either a 1-phonon process involving an optical phonon near the Brillouin zone center (Γ-point) with small k values, or a 2-phonon (acoustic) process with k values with opposite signs near the Brillouin zone boundaries 26 . Because the density of states of transverse acoustic (TA) phonons near the zone boundary is much higher than that of 16 longitudinal acoustic (LA) phonons in crystalline silicon as seen in their dispersion 24 , intra-band relaxation process is expected to be dominated by 2-TA phonons.
In the first strong emission band (at ~2.51 eV), only the two peaks (peaks 1 and 2) are predominant and no further strong peak at ~32 meV lower than peak 2 is observed in all our measurements. This can be explained by taking into account the narrow energy window for the phonon modes with the highest density of states, which corresponds to the first strong emission band (Supplementary Fig. S9 ). The first "P" peak in Fig. 3b appears at 2.476 eV, which is 31.3 meV lower than the peak "2" (2.509 eV) in Fig. 3a , and the first "P" peak is the next phonon assisted event (with additional 2TA relaxation) to the peak "2" process. As discussed above, in principle, the hot luminescence consists of various emission pathways with extremely low quantum yields, which can be distributed in a broad energy range below the laser excitation. Even though the plasmon cavity modes for the off-resonance case do not overlap exactly with the phonons with the highest density of states, the cavity modes can still interact with hot carrier states coupled with low density phonon modes, which would feed the cavity modes but leading to low emission counts (the peak "C" in Fig. 3b ). The first peak for the parallel polarization is positioned at the free spectral range of the calculated field intensity (at ~2.55 eV), and the first peak for the perpendicular polarization coincides with the cavity field intensity peaked at ~2.63 eV with a sharp cutoff above 2.58 eV due to a dichroic mirror in the measurement setup, as discussed in the manuscript.
